INTRODUCTION
Nuclear electric propulsion (NEP) has been identified as an attractive option for the low power robotic missions and high power cargo and piloted missions envisioned by the national Space Exploration Initiative (Stone 1992) . The magnetoplasmadynamic (MPD) thruster is a robust electric propulsion device with the potential to satisfy these mission requirements.
In its basic form, the MPD thruster consists of a cylindrical cathode surrounded by a concentric anode (Figure 1 ). An arc struck between the electrodes ionizes a gaseous propellant, and the interaction of the arc current with the self-induced magnetic field accelerates the plasma to produce thrust. Steady-state MPD thrusters have been operated at power levels approaching 600 kwh, while pulsed, quasi-steady devices have been operated in the megawatt power range (Sovey and Mantenieks 1988 and Myers et al. 1991) . The engine is designed to provide low, continuous thrust with specific impulse (I,v) values of 1000 to 5000 s. The ability to scale MPD thrusters in size and power permits an evolutionary approach toward NEP utilization, concurrent with the evolution of space nuclear power systems. plasma FIGURE 1. Schematic of Self-Field Magnetoplasmadynamic (MPD) Thruster (from Choueiri 1991).
Although simple in design and robust in operation, MPD thruster performance is limited by low thrust efficiency in the operating regimes of interest (Sovey and Mantenieks 1988 and Myers et al. 1991) . Applied magnetic fields ) and flared electrodes (Tahara el al. 1987 (Choueiri 1991) and experimentally observed (Choueiri 1991 and Tilley 1991) in MPD thrusters over a range of operating conditions. The presence of microturbulence may enhance the plasma resistivity, resulting in anomalous energy dissipation and a reduction in thruster efficiency.
Numerica ! Simulation
A 2-D code has been developed at the National Aeronautics and Space Administration (NASA) Lewis
Research
Center to predict steady-state, self-field MPD thruster performance (LaPointe 1991 and 1992 
where G is the acceleration due to gravity (9.8 m/Q) and /.to is the permeability of free space (4r x 10-7).
Although the specific impulse will be somewhat higher when thermal acceleration processes are included, ) was derived under the approximation of fully ionized argon mass flow, there is some concern that the relation breaks down at the lower discharge currents listed in the tables. However, the low mass flow rates associated with these operating conditions ensures that the propellant is sufficiently ionized even at these low discharge currents for the full-ionization approximation to remain valid (Randolph et al. 1992 (1991 and 1992) .
Results of the MPD thruster simulations for discharge currents of 250,500, 1000, 2500, and 5000 A are shown in Figures 3 through 6. Figure 3 displays the predicted specific impulse as a function of discharge current for the two cathode current densities. As expected, the trend toward decreasing specific impulse with increasing discharge current is reproduced. (Jahn 1968) :
The thrust is thus proportional to the square of the discharge current, multiplied by a geometric factor. Tables 2 and 3 show that the ratios of Ra/R._ at each discharge current are similar, hence the thrust at each discharge current will also be similar. The plasma potential can be used to estimate the power deposited into the plasma, which can then be compared with the thrust power to determine the thruster flow efficiency ,71:
whereT denotes thrust, Pr is the power deposited into the plasma, VI, is the plasma fall voltage, and J is the discharge current. The total thruster efficiency will.be significantly less than the calculated thruster flow efficiency, primarily because of power lost to the thruster electrodes . Nevertheless, the trends in flow efficiency serve to identify regimes of potentially more efficient thruster operation. The flow efficiency as a function of discharge current is plotted in Figure 6 for the cases under investigation. 
